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ABSTRACT information integrity for compression ratio gain, which
A method of encoding digital medical mammograms is inevitably can lead to visible distortions if the process is
presented in this paper. Based on the JPEG2000 coding not controlled or monitored. Perceptually lossless image
framework and embedded with an advanced perceptual coding (PLIC) provides alternative method for encoding
distortion measure, the proposed coder identifies and re- medical images. The aim of PLIC is to encode a medical
moves visually insignificant/irrelevant information, so as image to a degree such that it is indistinguishable from
to achieve perceptually lossless quality. Compared with the original[7], offering the best of both worlds; having
the state-of-the-art JPEG compliant LOCO lossless coder greater compression ratio gain without any loss in visual
and JPEG2000 lossless coder, current results have shown fidelity. Previously, a work on PLIC[8] was presented for
compression ratio gains in bit-rate without any loss of MRI[9] and CT[10] images. This paper presents a novel
visual fidelity. coder for encoding digital mammograms. Mammograms
differ from from MRI and CT, in that the soft tissue
I. INTRODUCTION of breasts are captured and they require a greater level
Early detection of cancer in breasts, performed through of precision and accuracy for critical diagnosis[3]. This
mammography, remains to be a critical solution in re- work encompasses an identical vision model as that in
ducing the mortality rate [1], [2]. Coupled with the ad- [11], to identify visually insignificant/irrelevant informa-
vances of digital technology, various applications such as tion, and is embedded into an advanced arithmetic visual
Telemammography [1] have risen and offer the benefits pruning (AVP) algorithm to effectively remove visually
of faster and accurate diagnosis, thus reaching out to insignificant/irrelevant information. In addition, the prun-
those in need in geographically remote locations. Aside ing algorithm can be integrated into any Wavelet based
from high bit-depth and resolution, mammograms require coding scheme without disrupting bit-stream compliance
digitization spot sizes of at least 50 ,um for detailed and thus would not require any specialised decoder. In this
and accurate diagnoses[3]. Nonetheless, digitisation en- paper, AVP is built into the core JPEG2000[12] coding
ables clinically critical mammographic information to be engine. This is particularly favourable, since JPEG 2000
indefinitely stored without harm from the harsh external is accepted as a medical image coder in the Digital
environment and can be transmitted to any geographical Communications in Medicine (DICOM) standard [13].
location with relative ease. A problem associated with this, This paper is presented as follows. Section II will
however, is the large storage space and high bandwidth describe the proposed coder, covering the coder design
requirements [4]. An approach to alleviating this problem and its pruning algorithm. Section III then presents and
is through image compression, which has been an area of discusses the results and, finally, Section IV draws to light
much controversy. Generally, the compression of digital the discussions given in this paper.
images can be categorised into two types, the first being II. PROPOSED CODER
reversible (lossless) image coding and the second being
irreversible (lossy) image coding [5]. Reversible image II-A. Arithmetic Visual Pruning
coding encodes an image without any loss of information Let us consider the problem of encoding a transformed
throughout its entire process. They, however, are unfor- image, X to a point such that the difference from its
tunately limited in their compression ratio gain, having processed image, X, is less than or equal to the Just-
ratios at most between 3:1 up to 4:1 [6]. Hence the need Not-Noticeable-Difference threshold, a point whereby dif-
for irreversible image coding schemes, exchanging image ferences between the two images are visually indistin-
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guishable, i.e., Perceptually Lossless. We can define this OriginalImage
problem as follows, PerceptualDistortion Distortion Measure -_
Processed_Image MetricdV(X,X) < JNND (1) ProcessedImage
where d, is a perceptual quality/distortion measure and
JNND is the Just-Not-Noticeable-Difference threshold. Fig. 2. A generalised concept of a perceptual distortion
The unknown here is what should X be or how much metric. A detailed treatment and description of these mea-
should X be quantised. An alternative representation is sures are discussed in [14].
X[m, n] = Pm,n x X[m, n], with Pm,n being a percentage
between 0.0 and 1.0, inclusive, for each pixel at a location
(im, n). This is then a problem of how to find an optimal II-B. Perceptual Distortion Metric
Traditional metrics such as Mean Squared Error (MSE),
1.0 1.0 0.75 0.75
___- __ --5 0 75Peak-Signal-Noise Ratio (PSNR) have served as one of the
basic means for quantifying distortion/quality[15]. How-
ever, while they may be computationally simple, they
do not correlate well with human perception[16]. Hence,
the need for contemporary metrics that incorporate the
characteristics of the Human Visual System(HVS). The ef-
0.5 0.75 0.625 0.6875
fectiveness of this approach has been demonstrated in sev-
eral pioneering works in picture quality quality/impairment
assessment [14], [17], [18]. In this paper, the proposed
coder(PC), employs an advanced human vision model
described in [11], [19]. The model is a multi-channel
0.0 0.5 -- 0.5 0-625 function, based on the Contrast Gain Control[17] within
Popt=05 popt=0.75 popt= 0.625 popt= 0.6875 the Wavelet domain; taking into account of visual masking
within a sub-band (intra frequency masking) and between
Fig. 1. The process of determining Popt. orientations (inter orientation masking) [19]. The effective-
ness of this model was demonstrated for medical image
value PoptmTn' such that Equation 1 remains true. One compression in [11]. For a detailed description of the
approach is through varying step sizes of Pm,n, which model, the reader is referred to [11], [19].
can be computationally intensive. An alternative is given
through a modified form of the binary search algorithm It-C. DeterminingJNND
(Figure 1). JNND is defined as a threshold where no differences
S(TD,DT, RM, RL, RH) can be perceived between a processed and a reference
(o RL+RH <Bzero image. To effectively determine the JNND, the process isRL+RM 2 - performed in two stages in the Wavelet domain. The first| S(TD, DT, 2 RL, Rm) DT <TD stage approximates the threshold and the second stage fine
S(TD, DT, RM+RH Rm, RH) DT > TD tunes the threshold. In the first stage, an image is uniformly
Rm DT - TD < Bequal degraded in the Wavelet domain for each orientation,
2 - Boe (2) 0 and sub-band level, 1, with a given percentage Pi,O,
between 0.0 and 1.0. The processed image is then reverted
where TD, DT,RM, RL and RH are respectively, a sub- back into the image domain and is segmented into non-
jectively measured JNND threshold, the distortion measure overlapping blocks of size 32 x 32 pixels. By comparing
determined by dv, a midpoint representing Pm,n, a lower with the original image, Pl, is adjusted such that visible
bound of a given range of values and an upper bound distortions are not visible in the processed image. The
of a given range of values. Initially, RM is set to 0.5, segmented block approach is necessary, so as to effectively
RL and RH are set to 0.0 and 1.0, respectively. Bzero, capture localised variations in image quality. The most
Bone and Bequal are arbitrary set precision bounds. In visually sensitive block, to distortion, is then subjected to
this paper, Bzero = 0.000001, Bone = - Bzero and the distortion measure, dv, in equation 1, which provides
Bequal = Bzero. These precision bounds are necessary, the subjectively measured JNND threshold, TD. Hence,
providing a stopping point in the algorithm, due to the TD =TD [1, 01, is a set of thresholds for each level and
limitation in finite precision. Therefore it is necessary orientation. The second stage fine tunes the thresholds TD,
to initially subtract Bzero from TD, SO that Equation 1 by employing the temporal sensitivities of the HVS. Here,
remains true. TD is adjusted accordingly and the processed image is
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overlaid on the original. image and flipped back and forth,Image Dimensions Bitrate (bpp)overlaid on the orignal image and flipped back and forth, Name (pixels) LOCO [ J2KL PC
so as to ensure 'distortion flickers' are not visible. Breast 1 1979 x 4349 5.980 5.928 3.261
II-D. JPEG 2000 Adaptation Breast 2 2000 x 5024 6.228 6.204 3.569
Breast 3 1874 x 4334 5.618 5.557 2.887
Breast 4 2129 x 5084 6.266 6.238 3.622
Breast 5 2549 x 5339 6.284 6.241 3.606
Origina Forward Breast 6 2759 x 5624 6.879 6.839 4.264Imagen _0 Wavelet_I..Image Transform 4 Breast 7 2444 x 5384 6.496 6.485 3.921
Breast 8 2594 x 5609 6.976 6.950 4.383
Breast 9 2928 x 4608 6.895 7.039 4.602
Breast 10 2928 x 4608 6.867 7.003 4.560
Breast 11 2896 x 4592 6.926 7.046 4.585
Quantization Entropy Compressed > Breast 12 2920 x 4584 6.890 7.025 4.567
(Step size =1) Coding Bit-stream Breast 13 2888 x 4616 6.991 7.121 4.664
Breast 14 2816 x 4664 6.989 7.132 4.677
Breast 15 2600 x 4656 6.972 7.090 4.627
Fig. 3. Integration of the AVP into a generalised JPEG Breast 16 2536 x 4680 6.998 7.144 4.690
2000 coding structure[12]. Here, the step size of the scalar Breast 17 2672 x 4648 6.902 6.998 4.527
quantizer is setto1. ~~~~Breast 18 2664 x 4680 6.938 7.057 4.591qUantiZer iS set to Breast 19 2816 x 4704 6.905 7.013 4.540
Breast 20 2864 x 4648 6.903 7.012 4.540
In order to maintain bit-stream compliance, the AVP Breast 21 2616 x 4672 6.902 7.013 4.543
algorithm is immediately integrated after the forward Breast 22 2424 x 4664 6.876 6.973 4.498
Wavelet transform in the JPEG 2000[12] coding archi- Breast 23 2680 x 4656 6.868 6.957 4.478
tecture (Figure 3). In addition, so as to ensure that only Breast 24 2752 x 4680 6.852 6.951 4.471
visually insignificant/irrelevant information is removed, the AVERAGE 6.725 6.792 4.278
base step size of the scalar quantizer is set to 1.
Table I. Shows the coding performance, in terms of bitrate,
III. PERFORMANCE EVALUATION of LOCO, J2KL and PC. All Breast images have bit-depths
To evaluate the performance of the PC, it is com- of 12 bpp, except Breast 1 to Breast 8, which have bit-
pared against the state-of-the-art JPEG-LS compliant depths of 16 bpp.
LOCO lossless coder (LOCO)[20] and JPEG 2000 lossless
mode[12] (J2KL), of which each compressed 24 breast bit-stream compliance of JPEG2000, hence, subsequently
images. These breast images were obtained from the
compliance with the DICOM standard is maintained. TheUniversity of South Florida Mammogram Database[2 1].
second is that it can be integrated into Wavelet based imageIn terms of coding performance, both LOGO and J2KL
coder. More importantly the current results have shownperformed relatively the same. On the other hand, the '.yPGonaverageperformedbelativelhetmer withearoxathel 3 that the PC outperforms its lossless counterparts with anyC on average performed better with approximately 7% loss of visual fidelity.
compression ratio gain over LOCO and J2KL. In compar-
ison with the uncompressed images, there was an average
compression ratio gain of 7700 and 62% for 16 bpp and
12 bpp images,respectively (Table I). In terms of compu- V. REFERENCES
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